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MULTIPLE AGENT USE OF A 
MULTI-PORTED SHARED MEMORY 

This application claims priority from US. Provisional 
Application No. 60/065,855 entitled “Multipurpose Digital 
Signal Processing System” ?led on Nov. 14, 1997, the 
speci?cation of Which is hereby expressly incorporated 
herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to the shared usage of 
synchronous memory by a plurality of agents, i.e., proces 
sors. 

2. Background of Related Art 
With the ever-increasing speeds of today’s processors, 

memory designs have attempted to meet the required speed 
requirements. For instance, synchronous memory such as 
static random access memory (SRAM) and dynamic random 
access memory (DRAM) are commonly available synchro 
nous types of memory. 

Synchronous memory technology is currently used in a 
Wide variety of applications to close the gap betWeen the 
needs of high-speed processors and the access time of 
asynchronous memory such as dynamic random access 
memory (DRAM). Synchronous memory, e.g., SDRAM 
technology, combines industry advances in fast dynamic 
random access memory (DRAM) With a high-speed inter 
face. 

Functionally, an SDRAM resembles a conventional 
DRAM, i.e., it is dynamic and must be refreshed. HoWever, 
the SDRAM architecture has improvements over standard 
DRAM. For instance, an SDRAM uses internal pipelining to 
improve throughput and on-chip interleaving betWeen sepa 
rate memory banks to eliminate gaps in output data. 

The idea of using a SDRAM synchronously (as opposed 
to using a DRAM asynchronously) emerged in light of 
increasing data transfer demands of high-end processors. 
SDRAM circuit designs are based on state machine opera 
tion instead of being level/pulse Width driven as in conven 
tional asynchronous memory devices. In addition, synchro 
nous memory access techniques improve the margin to 
system noise because inputs are not level driven. Instead, the 
inputs are latched by the system clock. Since all timing is 
based on the same synchronous clock, designers can achieve 
better speci?cation margins. Moreover, since the SDRAM 
access is programmable, designers can improve bus utiliZa 
tion because the processor can be synchroniZed to the 
SDRAM output. 

The core of an SDRAM device is a standard DRAM With 
the important addition of synchronous control logic. By 
synchroniZing all address, data and control signals With a 
single clock signal, SDRAM technology enhances 
performance, simpli?es design and provides faster data 
transfer. 

Similar advantages hold for other types of synchronous 
memory, e.g., synchronous SRAM (SSRAM) or even syn 
chronous read only memory (ROM). 

Synchronous memory requires a clock signal from the 
accessing agent to alloW fully synchronous operation With 
respect to the accessing agent. If more than one agent is 
given access to a shared synchronous memory, each agent 
must conventionally supply its oWn clock signal to the 
synchronous memory. Unfortunately, the clock signals from 
separate agents are not conventionally synchronous or in 
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2 
phase With one another. Therefore, as the synchronous 
memory shifts from the use of one clock signal to another, 
delays or Wait states must be added before the neW agent’s 
clock signal can be used to access the synchronous memory. 
Moreover, arbitration schemes betWeen a plurality of agents 
for conventional memory systems evidences that the per 
formance of one agent may suffer more than another agent 
sharing the same memory, particularly if the memory 
accesses are disproportionately distributed among the 
accessing agents. 
Some synchronous memory devices have the capability to 

provide burst input/output (I/O), particularly for the optimi 
Zation of cache memory ?lls at the system frequency. 
Advanced features such as programmable burst mode and 
burst length improve memory system performance and 
?exibility in conventional synchronous memories, and 
eliminate the need to insert Wait states, e.g., dormant clock 
cycles, betWeen individual accesses in the burst. 

Conventional SDRAM devices include independent, 
?Xed memory sections that can be accessed individually or 
in an interleaved fashion. For instance, tWo independent 
banks in an SDRAM device alloW that device to have tWo 
different roWs active at the same time. This means that data 
can be read from or Written to one bank While the other bank 
is being precharged. The setup normally associated With 
precharging and activating a roW can be hidden by inter 
leaving the bank accesses. 

FIG. 11 shoWs a conventional synchronous memory sys 
tem having only one agent 100 and a synchronous memory, 
e.g., SDRAM 502. The single agent 100 communicates With 
the synchronous memory using appropriate address, data 
and control buses (ADC) 506, and one or more clock signals 
504. Because the synchronous memory 502 has only the 
single accessing agent 100, the synchronous memory 302 
need only contend With access from a single source. 

Conventional processing systems utiliZing a plurality of 
agents have separate memory for each agent. HoWever, 
depending upon the particular application, it is likely that all 
memory Will not be used by all agents, and thus Wasted 
memory resources may result in each of the separate memo 
ries. 

There is thus a need for synchronous memory systems 
Which alloW efficient use of synchronous memory resources 
by a plurality of agents. 

SUMMARY OF THE INVENTION 

In accordance With the principles of the present invention, 
a memory system comprises a multi-port shared synchro 
nous memory, an arbiter, and a plurality of agents adapted to 
access the multi-port shared synchronous memory under the 
control of the arbiter. 
A method of arbitrating a plurality of agents for access to 

a shared synchronous memory in accordance With the prin 
ciples of the present invention comprises submitting a ?rst 
memory access request signal based a ?rst clock frequency 
to an arbiter. A second memory access request signal based 
on a second clock frequency is submitted substantially 
simultaneously to the arbiter. One of the ?rst and second 
memory access request signals are selected for access to the 
shared synchronous memory. A memory access request 
signal of a currently oWning agent having access to the 
shared synchronous memory is monitored, and the selected 
one of the ?rst and second memory access request signals is 
alloWed to access the shared synchronous memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the present invention Will 
become apparent to those skilled in the art from the folloW 
ing description With reference to the draWings, in Which: 
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FIG. 1 shows a basic block diagram of a plurality of 
agents sharing a common synchronous memory in accor 
dance With the principles of the present invention. 

FIG. 2 shoWs a more detailed block diagram of a multi 
agent synchronous memory system in accordance With the 
principles of one aspect of the present invention. 

FIG. 3 shoWs a plurality of agents including a super agent 
and a non-super agent Wherein the super agent is provided 
uninhibited access to shared synchronous memory. 

FIG. 4 shoWs an open WindoW generated betWeen 
accesses to the shared synchronous memory by a super 
agent. 

FIG. 5 shoWs memory request signals relating to the 
sharing of a synchronous memory by a super agent and a 
non-super agent. 

FIG. 6 shoWs memory request signals relating to the 
sharing of a synchronous memory by a super agent and a 
non-super agent in accordance With another aspect of the 
present invention. 

FIG. 7 shoWs an aspect of the present invention Which 
prevents the appearance of erroneous memory access 
acknowledgment signals back to a requesting agent. 

FIGS. 8A and 8B shoW timing diagrams illustrating hoW 
an erroneous detection of an acknowledge signal might 
otherWise occur Without an aspect of the present invention. 

FIGS. 9 and 10 shoW another aspect of the present 
invention, i.e., a non-preemptive locking mechanism to lock 
oWnership or access to the shared synchronous memory. 

FIG. 11 shoWs a conventional un-shared synchronous 
memory system having a single agent. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The present invention relates to a variety of techniques 
used to alloW a plurality of agents to share a common 
synchronous memory. 

FIG. 1 shoWs a basic block diagram of a plurality of 
agents 100 and 104 sharing a common synchronous memory 
200 in accordance With the principles of the present inven 
tion. The speci?c embodiments relate to SSRAM, but the 
principles of the present invention relate equally to all types 
of synchronous memory. 

In particular, each of the plurality of agents 100, 104 may 
be any suitable processing element, e.g., a digital signal 
processor (DSP), on-demand transfer (ODT) engine, micro 
processor or microcontroller. Moreover, one of the agents 
can be a master processor in a multiprocessor system, and 
the other agents can be slave peripheral devices or 
co-processors. 
An arbiter and sWitch 102 alloWs one of the plurality of 

agents 100 or 104 to access the shared synchronous memory 
200 at any one time. The arbiter and sWitch 102 sWitches the 
address, data and control buses and the clock signal(s) of the 
selected agent 100 or 104 to the respective address, data and 
control buses and clock signal(s) of the shared synchronous 
memory 200 When appropriate. The arbiter and sWitch 102 
is adapted and arranged to prevent glitches or erroneous 
clock signals from being presented to the shared synchro 
nous memory 200. 

FIG. 2 shoWs a more detailed block diagram of an 
exemplary multi-agent system Which is adapted to arbitrate 
for individual access to a shared synchronous memory 200a 
having multiple ports, in accordance With the principles of 
the present invention. 
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4 
In particular, FIG. 2 shoWs a plurality n of agents 100 to 

108 each having a clock signal, address bus, data bus and 
control bus Which are presented to individual ports of the 
shared synchronous memory 200a. In FIG. 2, the sWitch 
function associated With the arbiter and sWitch 102 in FIG. 
1 is shoWn instead as being integral to the multi-port shared 
synchronous memory 200a. Thus, the shared synchronous 
memory 200a in FIG. 2 includes appropriate sWitching 
circuitry including latches and multiplexers associated With 
each agent 100 to 108. The sWitching circuitry in the shared 
synchronous memory 200a alloWs access to a common 
memory block by a selected one of the plurality of agents 
100 to 108 at any one time. Of course, the appropriate 
sWitching circuitry may be alternatively included in the 
arbiter 102a in FIG. 1, or other element Within the principles 
of the present invention. 

Each of the agents 100 to 108 has appropriate clock, 
address, data and control signal paths to the shared synchro 
nous memory 200, only one of Which is selected for access 
at any one time by an activation of the corresponding select 
signal 110—113. Only one select signal 110—113 should be 
active at any one time. 

The arbiter 102a shoWn in FIG. 2 receives an individual 
memory access request signal from the agents 100 to 108 as 
necessary, and returns a corresponding acknoWledge signal 
to a Winning requesting agent 100 to 108 upon granting of 
access by that Winning agent to the shared synchronous 
memory 200a. Upon selection of the Winning agent, a 
selection signal is transmitted by the arbiter 102a to the 
sWitching elements, e.g., multiplexing elements in the 
shared synchronous memory 200a on a corresponding selec 
tion signal path 110 to 113. Alternatively, the selection signal 
paths 110—113 may be consolidated into one or more com 
munication paths from the arbiter 102a to the shared syn 
chronous memory 200a. 

In accordance With the principles of this aspect of the 
invention, each of the plurality of agents 100 to 108 submits 
its oWn memory access request signal to the arbiter 102a. If 
more than one memory access request signal is received by 
the arbiter 102a during any one clock cycle, a Winning agent 
is preferably selected based on a priority level assigned to 
each of the requesting agents. Preferably, a unique priority 
level is established for each of the plurality of agents 100 to 
108 either before operation of the system or on-the-?y as the 
system is operated. Alternatively, a priority level can be 
assigned to each of the agents 100 to 108 using a hardWired 
encoder 190 in the arbiter 102a. 

Once the arbiter 102a selects a Winning agent from among 
those making substantially simultaneous memory access 
requests, e.g., by selecting that requesting agent having the 
highest priority, the arbiter 102a informs the shared syn 
chronous memory 200a of the oWner of the next memory 
access by activation of the appropriate select line 110—113. 
Activation of any one of the select lines 110 to 113 steers the 
appropriate circuitry corresponding to the clock, address, 
data, and control multiplexers in the shared synchronous 
memory 200a toWard the Winning agent. 

Thus, each of a plurality of equal level agents requests 
access to a shared synchronous memory by sending a 
request signal to a central arbiter. The central arbiter may 
select a Winning agent based on a predetermined priority for 
access based on a clock Which is different from each of the 
clocks of the respective agents. 

In accordance With the aspect of the present invention, 
once granted oWnership of the shared synchronous memory 
200a, that oWnership by one of a plurality of equal level 
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agents 100 to 108 is preferably not pre-emptable by the other 
equal level agents unless and until the oWning agent 
removes its respective memory access request signal from 
the arbiter 102a. Upon discontinuation of the memory 
access request signal from the arbiter 102a, oWnership of 
that agent is discontinued. Once the previous oWning agent 
drops or inactivates its respective memory access request 
signal from the arbiter 102a, any and all of the other Waiting 
agents are arbitrated by the arbiter 102a for subsequent 
access by a neW Winning agent to the shared synchronous 
memory 200a, e.g., based on the predetermined priority. 

In accordance With the principles of other aspects of the 
present invention, one of the plurality of agents, e.g., agent 
100 as shoWn in FIGS. 1 and 2, may be designated as having 
a higher level (i.e., a super level) With respect to the other 
agents, e.g., agents 104 to 108 as shoWn in FIGS. 1 and 2. 
The higher level agent may be designated as a super agent, 
and the other agents may be designated as non-super agents. 
A super agent is preferably that agent from among the 
plurality of agents Which accesses the shared synchronous 
memory most frequently. Preferably there is only one super 
agent accessing any one shared synchronous memory. 

Although the general block diagrams of FIGS. 1 and 2 
depict the address, data and control buses and the clock 
signal(s) of all agents as passing through the arbiter and 
sWitch 102, it is Within the principles of the present inven 
tion as Will be discussed in more detail herein beloW to 
designate one of the plurality of agents as a super agent and 
alloW that super agent to communicate With the shared 
synchronous memory 200 Without requiring that super agent 
to arbitrate for oWnership of the shared synchronous 
memory 200. In this case, all other agents Would monitor the 
super agent’s communications With the shared synchronous 
memory 200. 

For instance, FIG. 3 shoWs a plurality of agents including 
a super agent A and a non-super agent B Wherein the super 
agent A is alloWed to communicate With the shared synchro 
nous memory 200 Without arbitration. 

In particular, FIG. 3 shoWs a shared synchronous memory 
200 Which is accessible by both a super agent A and a 
non-super agent B. The super agentAhas direct access to the 
shared synchronous memory 200, While the non-super agent 
B accesses the shared synchronous memory 200 under the 
control of an arbiter and sWitch 102. Thus, the super agent 
A obtains access to the shared synchronous memory 200 
directly via a communication path 220, While the non-super 
agent B requests access to the shared synchronous memory 
200 via the arbiter and sWitch 202 using communication 
paths 222a, 222b and 222c. 

The arbiter and sWitch 102 monitors accesses by the super 
agent A to the shared synchronous memory 200, e.g., to 
determine open WindoWs Wherein the super agent A Would 
not be affected by an access to the shared synchronous 
memory 200 by another agent. The non-super agent B can 
submit memory request signals to the arbiter and sWitch 102 
at any time. HoWever, for this non-super agent B, oWnership 
of the shared synchronous memory is granted on a cycle 
by-cycle basis of the clock signal only When access by the 
super agent A is not necessary. 

The arbiter and sWitch 202 implements predetermined 
rules With respect to access provided to the shared synchro 
nous memory 200 by the non-super agent B. The predeter 
mined rules provide that the super agent A is provided 
transparent access to the shared synchronous memory 200, 
i.e., Whenever desired. Thus, the super agent A is provided 
access to the shared synchronous memory 200 Without 
arbitration and/or negotiation. 
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Arbitration from among a plurality of non-super agents 

may be on a ?rst-come, ?rst-served basis, on a priority basis, 
or other suitable decisive decision criteria by the arbiter and 
sWitch 202 in accordance With the principles of the present 
invention. 

For instance, the Winning non-super agent may be pro 
vided time division multiplexed access to the shared syn 
chronous memory. Using this technique, each non-super 
agent B is assigned a constant time interval for access When 
the super agent A is not accessing the shared synchronous 
memory 200. When the super agent A is not accessing the 
shared synchronous memory 200, an open WindoW is gen 
erated alloWing the other, non-super agents B free access to 
the shared synchronous memory in accordance With time 
slots determined by a free-running clock. If an open WindoW 
is not available When a request is made by a non-super agent 
B, the arbitrated non-super agent must Wait until an open 
WindoW becomes available to access the shared synchronous 
memory 200. 

Open WindoWs exist When the super agent A is not 
accessing the shared synchronous memory 200. HoWever, 
an open WindoW may also exist When the super agent A has 
initiated an access to the shared synchronous memory 200 
but has stalled or extended its access for other reasons, e.g., 
When Wait states are generated due to an access to external 
memory, bus con?ict or other reason. During the extended 
period and/or Wait states, the shared synchronous memory 
200 may be given interim access by a non-super agent B. A 
halt or poWer doWn signal in the super agent A may also 
cause a signi?cant clock extension, alloWing extended 
interim use of the shared synchronous memory 200 by the 
non-super agents. This interim use of the shared synchro 
nous memory 200 during selected cycles (e.g., Wait states) 
during the super agent A’s oWnership of the shared synchro 
nous memory is referred to as adaptive instruction cycle 
stealing or cycle stealing. It is adaptive in the sense that the 
interim access granted to non-super agents adapts to the 
length of the extended access by the super agent A. 
One or more non-super agents may access the shared 

synchronous memory during any one open WindoW, depend 
ing upon the number of free-running clock cycles in each 
open WindoW. 

FIG. 4 shoWs an interim open WindoW of the adaptive 
instruction cycle stealing technique Wherein an open Win 
doW is generated even When an access to the shared syn 
chronous memory by the super agent has not yet terminated, 
e.g., during Wait states in an extended access lasting more 
than a single memory clock cycle. 

In particular, Waveform (a) of FIG. 4 shoWs the free 
running clock signal With respect to both the super agent A 
and the non-super agent B. Waveform (b) shoWs an extended 
instruction cycle of the super agent A. Waveform (c) shoWs 
the time required for access to the shared synchronous 
memory 200, i.e., one clock cycle of the free-running clock 
signal shoWn in Waveform (a). The remainder of the time 
during the access by the super agent A results in an open 
WindoW 313 shoWn in Waveform 

Thus, in accordance With the principles of the present 
invention, non-super agents arbitrate for oWnership and 
access to the shared synchronous memory 200 during open 
WindoWs of time, either betWeen accesses by a super agent 
or in the interim during an extended access by the super 
agent A. Interim open WindoWs can be combined With open 
WindoWs generated betWeen accesses by the super agent to 
form larger access WindoWs for use by one or more non 

super agents. 
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To access the shared synchronous memory 200 from a 
non-super agent B while the super agent Ais in an extended 
access, each of the agents A, B are preferably provided with 
a different output latch in the shared synchronous memory 
200 to avoid overwriting of data accessed by another agent. 

The open window is not limited to a single cycle. For 
instance, in general, if a cycle extension of a memory request 
from the super agent A lasts for N cycles, the ?rst cycle 
might be used by the super agent A to access the shared 
synchronous memory 200, while an open window having a 
length of N-1 cycles of the free-running clock would be 
generated for use by the non-super agents, e.g., non-super 
agent B. 

Use of open windows in a super agent’s accesses to shared 
synchronous memory in accordance with the principles of 
the present invention can provide signi?cant increases in the 
performance of the overall system, particularly with respect 
to the super agent A. For example, in one example wherein 
the super agent is a DSP, the performance of the DSP as 
measured by million instructions per second (MIPS) can be 
increased by approximately 30% or more, depending upon 
the particular application. 

FIG. 5 shows in more detail an example of the granting of 
memory access requests to a non-super agent B during open 
windows between separate memory accesses by a super 
agent A, and FIG. 6 shows in more detail the same example 
but allowing non-super agents to access the shared memory 
during interim open windows generated within extended 
accesses by the super agent, both in accordance with the 
principles of the present invention. 

In particular, waveform (a) of FIG. 5 shows an example 
of an instruction clock cycle of a super agent A, and 
waveform (b) shows the free-running clock on which the 
accesses to the shared synchronous memory 200 are based. 

The super agent A outputs in sequence ?ve memory 
access requests A-Reql, A-Req2, A-Req3, A-Req4 and 
A-Req5, as shown in waveform (c) of FIG. 5. The ?rst 
memory access request A-Reql has a length of one clock 
cycle, the second and third memory access requests A-Req2 
and A-Req3 each have a length of two clock cycles, and the 
fourth and ?fth memory access requests A-Req4 and A-Req5 
each have a length of one clock cycle. 
Waveform (d) shows the granting of ?ve accesses A-Ax1, 

A-Ax2, A-Ax3, A-Ax4 and A-Ax5 to the super agent A’s 
memory access requests at the time and for the number of 
clock cycles corresponding to the respective memory access 
requests A-Reql, A-Req2, A-Req3, A-Req4 and A-Req5. 
However, in accordance with the principles of the present 
invention, open windows are formed between the separate 
accesses by the super agent A. In particular, a ?rst open 
window 400 is formed between the ?rst and second memory 
accesses A-Axl and A-Ax2 of the super agent A, a second 
open window 402 is formed between the third and fourth 
memory accesses A-Ax3 and A-Ax4 and a third open 
window 404 is formed after the ?fth memory access A-Ax5. 

Waveform (e) shows an example memory request 
sequence by a non-super agent B to access the shared 
synchronous memory 200, e. g., three times. In particular, the 
non-super agent B ?rst requests access to the shared syn 
chronous memory at 410. However, the super agent A 
requests access to the shared synchronous memory 200 
during the same clock cycle, and thus the non-super agent B 
is not provided an acknowledgment to access the shared 
synchronous memory 200 during that clock cycle. Thus, the 
non-super agent B repeats the memory access request at 411 
in the next clock cycle, which occurs during the ?rst open 
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window 400. Accordingly, as shown in waveform of FIG. 
5, the non-super agent B is granted access to the shared 
synchronous memory 200 for no more than one clock cycle, 
i.e., the length of the open window. 

Similarly, the non-super agent B again requests access to 
the shared synchronous memory 200 at 412, but is not given 
access because the super agent is utiliZing the shared syn 
chronous memory during that clock cycle. The non-super 
agent B thereafter requests access to the shared synchronous 
memory 200 again at 413 and 414 until it is ?nally granted 
access B-Ax2 as shown in waveform during the second 
open window 402 pursuant to its fourth repeated memory 
access request B-Req2 at 415 as shown in waveform (e). 

Likewise, it takes three memory access requests B-Req3 
at 416, 417 and 418 before the non-super agent B is ?nally 
granted access B-Ax3 as shown in waveform to the 
shared synchronous memory 200 in the third open window 
404 as shown in waveform 

FIG. 6 shows that the non-super agents, e.g., non-super 
agent B, can be allowed interim access to the shared 
synchronous memory 200 even before the super agent A 
terminates ownership of the shared synchronous memory 
200. 

In particular, waveforms (a), (b) and (c) in FIG. 6 are as 
shown and described with respect to FIG. 5. However, as 
shown in FIG. 6, although the memory access requests from 
the super agent Asuch as the second memory access request 
A-Req2 may last for more than a single clock cycle, access 
is provided to the super agent for a shorter period of time, 
e.g., for only one clock cycle. Thus, as shown in waveform 
(d) of FIG. 6, the second and third accesses A-Ax2 and 
A-Ax3 of the super agent A are shortened to only one clock 
cycle each, forming a new open window at 500 and an 
extended open window at 502. Accordingly, as shown in 
waveform (e), the second memory access request B-Req2 as 
shown in waveform (e) of the non-super agent B gains 
access B-Ax2 as shown in waveform after only the ?rst 
try, as opposed to four repeated tries 412—415 as shown in 
waveform (e) of FIG. 5. 

Thus, in accordance with the principles of the present 
invention, one of a plurality of agents accessing a shared 
synchronous memory is given a super agent priority. The 
super agent can access the shared synchronous memory 
without negotiation and/or arbitration. However, the remain 
ing non-super agents can access the memory only when it is 
available, i.e., when the shared synchronous memory is not 
being used by the super agent. 

The use of a super agent non-super agent distinction 
between a plurality of agents accessing a shared synchro 
nous memory improves upon the degraded performance 
otherwise experienced by the overall system and in particu 
lar the super agent because of the overhead inherent in an 
arbitration process. With higher priority, the super agent is 
given access to the shared synchronous memory whenever 
requested and can thus access the shared synchronous 
memory without halting its operation. 

FIG. 7 shows an aspect of the present invention which 
prevents the appearance of erroneous memory access 
acknowledgment signals back to a requesting agent. 

In particular, an internal clock in the arbiter 102b used to 
arbitrate ownership of the shared synchronous memory from 
among various requesting agents may be asynchronous with 
respect to the individual clock signals from each of the 
requesting agents. However, to sense a memory access 
request signal from a requesting agent, the arbiter 102b 
preferably synchroniZes the individual memory access 
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request signals from each of the requesting agents with 
respect to the internal clock of the arbiter 102a using a ?rst 
synchronizing circuit 702. Moreover, the acknowledge sig 
nal returned from the arbiter 102b to the winning agent is 
preferably synchronized with respect to the winning agent’s 
clock signal using a second synchroniZing circuit 704. Thus, 
the memory access request signals from the agents to the 
arbiter 102b and the acknowledge signals from the arbiter 
102b to each of the respective agents are not only similarly 
timed within the arbiter but return memory access granted 
acknowledge signals are also synchroniZed to match the 
timing of the requesting or winning agent. 
An agent may repeatedly request access to the shared 

synchronous memory. However, a problem might arise 
otherwise when a requesting agent submits back-to-back 
memory access request signals to the arbiter 102a. In this 
case, the returned memory access granted acknowledge 
signal may experience delays up to several cycles in length 
due to the synchroniZer circuit 704 as well as the electrical 
wiring between the arbiter 102b and the requesting agent. 
Thus, it is possible that when a second memory access 
request signal is output by a requesting agent soon after a 
?rst memory access request signal, the ?rst memory access 
granted acknowledge signal from the arbiter 102b to the 
requesting agent may still be active when the second 
memory access request signal is output by the same request 
ing agent, particularly due to the delays in the synchroniZer 
circuit 704 and other elements. If this situation were to arise, 
the requesting agent might erroneously interpret the ?rst 
memory access granted acknowledge signal as an acknowl 
edge signal corresponding as well to the second memory 
access request from the same agent, whereas that requesting 
agent should have waited for a second memory access 
granted acknowledge signal to be sent by the arbiter 102b. 
A con?ict between agents might arise in this situation, 
particularly if another agent is cycle stealing or otherwise 
accessing the shared synchronous memory between accesses 
by the previous agent. 

FIGS. 8A and 8B are timing diagrams illustrating how a 
memory access granted acknowledge signal might otherwise 
be erroneously detected without the present aspect of the 
invention. 

In particular, waveform (a) of FIG. 8A shows two separate 
memory access request signals 802, 804 from the same 
requesting agent to the arbiter 102b. Waveform (b) of FIG. 
8A shows the timing of a ?rst memory access granted 
acknowledge signal 803 from the arbiter 102b back to the 
requesting agent with respect to the timing of the memory 
access request signals 802, 804 shown in waveform (a). As 
can be seen by a comparison of waveforms (a) and (b) of 
FIG. 8A, the ?rst memory access granted acknowledge 
signal 803 extends beyond the point in time at which the 
second memory access request signal 804 is transmitted by 
the requesting agent, creating a danger Zone 806 wherein 
both the second memory access request signal 804 and the 
?rst memory access granted acknowledge signal 803 are 
active. Thus, the requesting agent may misinterpret the ?rst 
memory access granted acknowledge signal 803 as corre 
sponding to not only the ?rst memory access request signal 
802 but also to the second memory access request signal 
804, raising the possibility of a con?ict for access to the 
shared synchronous memory. 
Aminimum refractory period 808 corresponds to the time 

between the end of the ?rst memory access request signal 
802 and the end of the corresponding ?rst memory access 
granted acknowledge signal 803. 
Waveforms (a) and (b) of FIG. 8B, on the other hand, 

show a suppression of the second memory access request 
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signal 804a until after the minimum refractory period 808 
has expired, creating a safety Zone 902, in accordance with 
the principles of the present invention. The safety Zone 902 
is preferably kept to a minimum to minimiZe delays in the 
overall system, but should preferably be suf?cient to prevent 
the second memory access request signal 804a as shown in 
waveform (a) of FIG. SE from being output by the request 
ing agent when the previous memory access granted 
acknowledge signal 803 remains active as shown in wave 
form (b) of FIG. 8B. 
The arbiter 102b may implement suppression of the 

second memory access request signal 804a during the mini 
mum Refractory Period by, e.g., ANDing the respective 
memory access request signals with the output of a single 
shot circuit. The single-shot circuit can be triggered by the 
removal of a memory access request signal, and may pref 
erably remain active for a period of time after the memory 
access request signal is removed, e.g., for three clock cycles 
corresponding to the requesting agent’s clock signal. Of 
course, other circuits which ensure a minimum period of 
time between subsequent memory access request signals 
may be implemented within the principles of the present 
invention. 

Thus, according to this aspect of the present invention, a 
subsequent memory access request signal is submitted to the 
arbiter only after the acknowledge signal of the previous 
memory access request signal has been cleared. Subsequent 
memory access request signals are suppressed until a pre 
viously received acknowledge signal is cleared. The period 
of suppression of the memory access request signal is 
referred to herein as the ‘Refractory Period’. 

Moreover, the arbiter is synchroniZed with the requesting 
agents memory access request signals and returns synchro 
niZed memory access granted acknowledge signals. 
Moreover, repeated memory access request signals are sup 
pressed for a minimum Refractory Period to prevent erro 
neous detection of memory access granted acknowledge 
signals. 

FIGS. 9 and 10 show another aspect of the present 
invention including a non-preemptive locking mechanism to 
allow an agent to ef?ciently request a locking mechanism to 
access the shared synchronous memory by another agent 
without interruption and/or without affecting the previous 
agent’s access to the shared synchronous memory. 

In shared memory systems, memory access request sig 
nals from agents are normally accompanied by a time 
hysteresis such that a purposeful delay of many cycles, e.g., 
six memory cycles, is added by an arbiter after a memory 
access request signal becomes inactive to prevent the need 
for the same agent to arbitrate to re-acquire ownership of the 
shared synchronous memory after one or just a few inactive 
memory cycles. However, the ?xed time hysteresis causes 
an inefficiency in the use of the shared synchronous memory 
in that the cycles during the time hysteresis may not be used 
by any agent. 
As an example, presume that an agent running code from 

a shared memory requires, e.g., a minimum of 6 memory 
cycles to gain ownership of the shared synchronous memory. 
In this case, during an opcode fetch from the shared syn 
chronous memory there are often instances wherein the 
shared synchronous memory is not accessed by that agent 
for one or two or more cycles. In this case, a time hysteresis 
of about 6 memory cycles would be implemented. Without 
hysteresis, the agent would constantly undergo arbitration 
for access to the shared synchronous memory, resulting in an 
excessive amount of delays for the agent. On the other hand, 



US 6,401,176 B1 
11 

With hysteresis, relatively feW periods of inactivity causing 
delays betWeen a change in ownership of the shared syn 
chronous memory. 

There are tWo solutions to this problem in conventional 
non-synchronous systems: (1) end the current agent’s access 
immediately When a locking agent requests access to the 
shared memory; or (2) Wait for the currently accessing or 
oWning agent to relinquish oWnership of the shared memory. 
HoWever, these solutions do not carry over to a synchronous 
environment using a shared synchronous memory. For 
instance, if the current agent’s access is ceased immediately 
When a locking agent requests access to the shared synchro 
nous memory, a loss of the data in the shared synchronous 
memory may be caused because the accessed data may take 
one or more cycles to propagate through the shared syn 
chronous memory. Moreover, if a requesting locking agent 
Waits for the currently oWning agent to relinquish oWnership 
of the shared synchronous memory, potentially long periods 
of delay may be possible While the requesting agent Waits to 
be alloWed access to the shared synchronous memory 200a. 
Depending upon the application, neither of these solutions 
may be preferred in a synchronous environment. 

HoWever, in accordance With the present aspect of the 
invention, a requesting locking agent can assume locked 
oWnership of the shared synchronous memory at an appro 
priate time Without loosing memory cycles to a ?xed amount 
of time hysteresis. 

FIG. 9 is similar to FIG. 2 but shoWs the additional use of 
a pre-arbiter 920 betWeen each of the arbiting agents 100, 
104, 106, 108 and the arbiter 102a. The pre-arbiter 920 
intercepts the memory access request signals 902, 904, 906, 
908 from each of the agents 100, 104, 106, 108, respectively, 
and outputs a respective conditioned pre-arbitrated memory 
access request signal 914, 912, 910, 908 to the arbiter 102a 
on behalf of the agents 100, 104, 106, 108. 

The pre-arbiter 920 in the disclosed embodiment provides 
the ability for any agent to lock its oWnership of the shared 
synchronous memory 200a as necessary. Not all agents need 
have the ability to lock oWnership of the shared synchronous 
memory 200a. The locked access to the shared synchronous 
memory 200a requested by an agent is preferably provided 
by the pre-arbiter 920 in a non-preemptive manner. 

Thus, in accordance With the principles of the present 
aspect of the invention, a requesting agent presents a 
memory access request and a locking access request to the 
pre-arbiter 920 and then Waits until the current oWning agent 
experiences a lapse of, e.g., one clock cycle in its consecu 
tive memory accesses. In that case, the locking agent dis 
quali?es the current oWning agent of the shared memory 
from its oWnership at the point of the lapse and itself 
assumes oWnership of the shared memory. Of course, more 
than one clock cycle could be monitored before a requesting 
locking agent assumes oWnership of the shared synchronous 
memory, in accordance With the principles of the present 
invention. 

The pre-arbiter 920 monitors the repeating memory 
access request signals 902—908 from the agents 100, 104, 
106, 108 (as opposed to the respective constant select 
control signals 110, 111, 112, 113 from the arbiter 102a) to 
determine an opportune time to assume locked oWnership of 
the shared synchronous memory 200a Without causing a 
preemption of data accessed by the previous or currently 
oWning agent. Therefore, although the currently oWning 
agent may retain oWnership of the shared synchronous 
memory 200a for a signi?cant period of time, a requesting 
locking agent is alloWed to take advantage of the brief 
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periods (i.e., cycles) of inactivity in the memory access 
request signal from the currently oWning agent. Accordingly, 
locked oWnership of the shared synchronous memory can be 
determined at a pre-arbitration level. 

FIG. 10 shoWs a clock signal of a currently oWning agent 
in Waveform (a), Waveform (b) shoWs a repeating memory 
access request signal from a currently oWning agent as 
presented to the pre-arbiter 920, and Waveform (c) shoWs the 
select signal output from the arbiter 102a to the shared 
synchronous memory 200a corresponding to the currently 
oWning agent’s oWnership of the shared synchronous 
memory 200a. The pre-arbiter 920 selects an inactive point, 
e.g., the inactive point 1002 betWeen individual memory 
access request signals 1040, 1050 to determine a point at 
Which to pass oWnership to the requesting locking agent. 

After the inactive point 1002, the pre-arbiter 920 may 
suppress one or more subsequent memory access request 
signals from any or all non-locking agents or agents not 
provided With the ability to lock oWnership, to provide a 
locked access to the Winning locking agent. When the 
locking signal from the Winning locking agent to the pre 
arbiter 920 is terminated, the arbiter 102a may be alloWed to 
arbitrate oWnership of the shared synchronous memory 200a 
based, e.g., on a priority established in the priority encoder 
190. 

Thus, because the pre-arbiter 920 monitors the raW 
memory access request signals from the oWning agents, it is 
able to articulate an appropriate time during the constant 
oWnership of a previous agent to pass oWnership to a 
requesting locking agent. 
The present invention has particular application in shared 

memory systems Wherein it is preferred that a main agent 
access a shared synchronous memory Without interruption or 
disruption. Moreover, for high traf?c memory accesses 
Where a super agent is repeatedly accessing shared memory, 
non-super agents can still gain access to the shared memory 
if the super agent’s access is extended. 

While the invention has been described With reference to 
the exemplary embodiments thereof, those skilled in the art 
Will be able to make various modi?cations to the described 
embodiments of the invention Without departing from the 
true spirit and scope of the invention. 
What is claimed is: 
1. A memory system, comprising: 

a multi-port shared synchronous memory; 

an arbiter; and 

a plurality of agents having at least tWo distinct clock 
signals and adapted to simultaneously try to access at 
least tWo ports of said multi-port shared synchronous 
memory at respective clock signals from at least tWo of 
said agents, With access to said plurality of agents being 
under control of said arbiter; 

Wherein said multi-port synchronous memory is synchro 
niZed With a respective distinct clock signal from each 
of said agents. 

2. The memory system according to claim 1, Wherein said 
arbiter comprises: 

a priority encoder Which assigns a priority to each of said 
plurality of agents on Which a selection of a Winning 
agent from among said plurality of agents is based. 

3. The memory system according to claim 2, Wherein: 
said priority encoder is hardWired. 
4. The memory system according to claim 2, Wherein: 
said priority encoder is based on a look-up table. 
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5. The memory system according to claim 1, wherein: 
one of said plurality of agents is adapted to access said 

multi-port shared synchronous memory With a ?rst 
clock signal having a ?rst frequency; and 

another of said plurality of agents is adapted to access said 
multi-port shared synchronous memory With a second 
clock signal having a second frequency different from 
said ?rst frequency. 

6. A method of arbitrating a plurality of agents for access 
to a shared synchronous memory, comprising: 

submitting a ?rst memory access request signal based on 
a ?rst clock frequency to an arbiter to access a ?rst port 
of said shared synchronous memory; 

substantially simultaneously submitting a second memory 
access request signal based on a second clock fre 
quency to said arbiter to access a second port of said 
shared synchronous memory, said second clock fre 
quency is different from said ?rst clock frequency; 

selecting one of said ?rst memory access request signal 
and said second memory access request signal for 
access to said shared synchronous memory; 

monitoring a memory access request signal of a currently 
oWning agent having access to said shared synchronous 
memory; and 

alloWing said selected one of said ?rst memory access 
request signal and said second memory access request 
signal to access said shared synchronous memory; 

Wherein said shared synchronous memory is synchro 
niZed With a respective clock signal from each of said 
agents during said agents’ access to said shared syn 
chronous memory. 

7. The method of arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
6, Wherein: 

said selected one of said ?rst memory access request 
signal and said second memory access request signal is 
alloWed to access said shared synchronous memory 
after said monitored memory access request signal of 
said currently oWning agent terminates. 

8. The method of arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
6, Wherein: 

said selected one of said ?rst memory access request 
signal and said second memory access request signal is 
alloWed to access said shared synchronous memory 
When said monitored memory access request signal of 
said currently oWning agent indicates a delay betWeen 
accesses by said currently oWning agent to said shared 
synchronous memory. 

9. The method of arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
6, Wherein: 

said selection of one of said ?rst memory access request 
signal and said second memory access request signal is 
based on a priority level assigned to respective agents 
corresponding to said ?rst and second memory access 
request signals, respectively. 

10. Apparatus for arbitrating a plurality of agents for 
access to a shared synchronous memory, comprising: 

means for submitting a ?rst memory access request signal 
based a ?rst clock frequency to an arbiter to access a 

?rst port of said shared synchronous memory; 
means for substantially simultaneously submitting a sec 

ond memory access request signal based on a second 
clock frequency to said arbiter to access a second port 
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of said shared synchronous memory said second clock 
frequency is different from said ?rst clock frequency; 

means for selecting one of said ?rst memory access 
request signal and said second memory access request 
signal for access to said shared synchronous memory; 

means for monitoring a memory access request signal of 
a currently oWning agent having access to said shared 
synchronous memory; and 

means for alloWing said selected one of said ?rst memory 
access request signal and said second memory access 
request signal to access said shared synchronous 
memory; 

Wherein said shared synchronous memory is synchro 
niZed With a respective clock signal from each of said 
agents during said agents’ access to said shared syn 
chronous memory. 

11. The apparatus for arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
10, Wherein: 

said selected one of said ?rst memory access request 
signal and said second memory access request signal is 
alloWed to access said shared synchronous memory 
after said monitored memory access request signal of 
said currently oWning agent terminates. 

12. The apparatus for arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
10, Wherein: 

said selected one of said ?rst memory access request 
signal and said second memory access request signal is 
alloWed to access said shared synchronous memory 
When said monitored memory access request signal of 
said currently oWning agent indicates a delay betWeen 
accesses by said currently oWning agent to said shared 
synchronous memory. 

13. The apparatus for arbitrating a plurality of agents for 
access to a shared synchronous memory according to claim 
10, further comprising: 
means for assigning a priority level to respective agents 

corresponding to said ?rst and second memory access 
request signals; 

Wherein said means for selecting selects said one of said 
?rst memory access request signal and said second 
memory access request signal based on said priority 
level assigned to respective agents corresponding 
respectively to said ?rst memory access request signal 
and said second memory access request signal; and 

Wherein said shared synchronous memory is synchro 
niZed With a clock signal from each of said agents. 

14. A memory system, comprising: 
a shared synchronous memory; 

an arbiter; 
a plurality of agents having at least tWo distinct clock 

signals and adapted to simultaneously try to access at 
least tWo ports of said shared synchronous memory at 
respective clock signals from at least tWo of said 
agents, With access to said plurality of agents being 
under control of said arbiter; and 

a synchroniZer adapted to match timing of a respective 
clock signal from a Winning one of said plurality of 
agents to said shared synchronous memory. 

15. The memory system according to claim 14, further 
comprising: 

a pre-arbiter to intercept a memory access request signal 
from at least one of said plurality of agents and output 
a respective conditioned pre-arbitrated memory access 
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request signal to said arbiter on behalf of said at least 
one of said plurality of agents. 

16. A memory system comprising: 
a multi-port shared synchronous memory; 

an arbiter; 

at least tWo distinct clocks; 

a plurality of super agents utiliZing said at least tWo 
distinct clocks and adapted to simultaneously try to 
access at least tWo ports of said multi-port shared 
memory at respective clock signals from at least tWo of 
said super agents; and 

a plurality of non-super agents utiliZing said at least tWo 
distinct clocks and adapted to simultaneously try to 
access said at least tWo ports of said multi-port shared 
memory at respective clock signals from at least tWo of 
said super agents, With access to said plurality of super 
agents being under control of said arbiter under control 
of said arbiter. 

17. The memory system according to claim 16, Wherein 
said arbiter comprises: 

a priority encoder Which assigns a priority to each of said 
plurality of non-super agents on Which a selection of a 
Winning non-super agent from among said plurality of 
non-super agents is based. 

18. The memory system according to claim 16, Wherein: 
said priority encoder is hardWired. 
19. The memory system according to claim 16, Wherein: 
said priority encoder is based on a look-up table. 
20. The memory system according to claim 15, Wherein; 
one of said plurality of non-super agents is adapted to 

access said multi-port shared synchronous memory 
With a ?rst clock signal having a ?rst frequency; and 

another of said plurality of non-super agents is adapted to 
access said multi-port shared synchronous memory 
With a second clock signal having a second frequency 
different from said ?rst frequency. 

21. A method of arbitrating a plurality of super agents and 
non-super agents for access to a shared synchronous 
memory, comprising: 

submitting a ?rst memory access request signal based on 
a ?rst clock frequency to an arbiter from a ?rst non 
super agent to access a ?rst port of said shared syn 
chronous memory; 

substantially simultaneously submitting a second memory 
access request signal based on a second clock fre 
quency to said arbiter from a second non-super agent to 
access a second port of said shared synchronous 
memory While said ?rst memory access remains 
ungranted; 

selecting one of said ?rst memory access request signal 
and said second memory access request signal for 
access to said shared synchronous memory; 

monitoring a memory access request signal of a currently 
oWning super agent having access to said shared syn 
chronous memory based on a third clock frequency; 

monitoring a memory access request signal of a currently 
oWning non-super agent having access to said shared 
synchronous memory; and 

alloWing said selected one of said ?rst memory access 
request and said second memory access request signal 
to access said shared synchronous memory; 

Wherein at least tWo of said ?rst clock frequency, said 
second clock frequency and said third clock frequency 
is different from at least one other of said ?rst clock 
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frequency, said second clock frequency and said third 
clock frequency. 

22. The method of arbitrating a plurality of super agents 
and non-super for access to a shared synchronous memory 
according to claim 20, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory after said monitored memory access 
request signal of said currently oWning super agent 
terminates. 

23. The method of arbitrating a plurality of super agents 
and non-super for access to a shared synchronous memory 
according to claim 20, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory after said monitored memory access 
request signal of said currently oWning non-super agent 
terminates. 

24. The method of arbitrating a plurality of super agents 
and non-super agents for access to a shared synchronous 
memory according to claim 20, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory When said monitored memory access 
request signal of said currently oWning super agent 
indicates a delay betWeen accesses by said currently 
oWning super agent to said shared synchronous 
memory. 

25. The method of arbitrating a plurality of super agents 
and non-super agents for access to a shared synchronous 
memory according to claim 20, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory When said monitored memory access 
request signal of said currently oWning non-super agent 
indicates a delay betWeen accesses by said currently 
oWning non-super agent to said shared synchronous 
memory. 

26. The method of arbitrating a plurality of super agents 
and non-super agents for access to a shared synchronous 
memory according to claim 20, Wherein: 

said selection of one of said ?rst and second memory 
access request signals is based on a priority level 
assigned to respective non-super agents corresponding 
to said ?rst and second memory access request signals, 
respectively. 

27. An apparatus for arbitrating a plurality of super agents 
and non-super agents for access to a shared synchronous 
memory, comprising: 
means for submitting a ?rst memory access request signal 

based a ?rst clock frequency to an arbiter to access a 
?rst port of said shared synchronous memory While 
said ?rst memory access request remains ungranted; 

means substantially simultaneously submitting a second 
memory access request signal based on a second clock 
frequency to said arbiter to access a second port of said 
shared synchronous memory; 

means for selecting one of said ?rst memory access 
request signal and said second memory access request 
signal for access to said shared synchronous memory; 

means for monitoring a memory access request signal of 
a currently oWning super agent having access to said 
shared synchronous memory based on a third clock 
frequency; 

means for monitoring a memory access request signal of 
a currently oWning non-super agent having access to 
said shared synchronous memory; and 
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means for allowing said selected one of said ?rst memory 
access request signal and said second memory access 
request signal to access said shared synchronous 
memory; 

Wherein at least tWo of said ?rst clock frequency, said 
second clock frequency and said third clock frequency 
is different from at least one other of said ?rst clock 
frequency, said second clock frequency and said third 
clock frequency. 

28. The apparatus for arbitrating a plurality of super 
agents and non-super agents for access to a shared synchro 
nous memory according to claim 27, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory after said monitored memory access 
request signal of said currently oWning super agent 
terminates. 

29. The apparatus for arbitrating a plurality of super 
agents and non-super agents for access to a shared synchro 
nous memory according to claim 27, Wherein: 

said selected one of said ?rst and second memory access 
request signals is alloWed to access said shared syn 
chronous memory after said monitored memory access 
request signal of said currently oWning non-super agent 
terminates. 
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30. The apparatus for arbitrating a plurality of super 

agents and non-super agents for access to a shared synchro 
nous memory according to claim 27, Wherein: 

said selected one of said ?rst and second memory access 

request signals is alloWed to access said shared syn 
chronous memory When said monitored memory access 

request signal of said currently oWning non-super agent 
indicates a delay betWeen accesses by said currently 
non-super oWning agent to said shared synchronous 
memory. 

31. The apparatus for arbitrating a plurality of super 
agents and non-super agents for access to a shared synchro 
nous memory according to claim 27, further comprising: 

means for assigning a priority level to respective non 
super agents corresponding to said ?rst and second 
memory access request signals; 

Wherein said means for selecting selects said one of said 
?rst and second memory access request signals based 
on said priority level assigned to respective non-super 
agents corresponding respectively to said ?rst and 
second memory access request signals. 


